The education process is the main factor to develop and improve our life. It is also the base of any community. However, the education in Japan facing several crises that may threaten the education sites. One of the crises is "disinterest in science" that attract the attention recently. There are different movements that searching for keys to solve this problem. In this thesis we focused on the practical or hands-on learning by introducing systems that deal with the control engineering technology.
Introduction
Recently, disinterest in science problem is becoming a series problem in the Japanese community. The "disinterest in science" can be defined to include the following:
1. The falling of children concern/interest in science.
2. The falling in general knowledge of the community related to technology. 3. The decreasing in the number of students who choose a scientific studying fields as a future field of study. That leads to shrinking the number of technical researchers as well as the development process of technology [1] . The lack of technical researchers and development process lead to missing the manufacturing process and lowering the innovation power.
This problem has been recognized as one of the most serious problems also in centuries other than Japan. The students whom growth up in this period of time can just only use the technology without any interest in the development process and that ends with carelessness in thinking to become one of the future developers [1] . On the other hand, the Japanese educational community has a result that the scientific experiments and practical learning style has attracted the students' attention [2] . Therefore, to pull out the young students' interest toward the scientific technology again, changing the classroom styles from the basic classroom lecture to much more practical classes is more effective to solve this problem.
When we talk about the practical education systems. There are different systems has been developed and used based on different tools. Our interest is Into LEGO ® Education system. The LEGO ® Education system has a variety of learning materials and tools. In 1998 AD, the first LEGO ® MINDSTORMS has been established. It has been used as a robotics learning tool for several generations. Starts from elementary school students and up.
Basically the LEGO ® MINDSTORMS is being used for educational purposes to study robotics and mechatronics. While in this development process we are using the LEGO ® MINDSTORMS to represent and simplify the advanced and complicated technology into familiar learning material.
In this paper, we focused on the control engineering technology as a main theme by introducing two examples of control system that using the LEGO ® MINDSTORMS to simplify the advanced control technology systems.
1. The smart house in Japan and it is energy management system. 2. A general oil plant and it is instrumentation and control system. To simplify the advanced system of "HEMS" and make the concept easy to understand. We divided the "HEMS" system using the robot control technology which dealing with different types of sensors such as touch sensor and light sensor to replace the home management system to introduce an easy to understand "HEMS" system parts (see Table. 1). Table 1 Comparison between "HEMS" and robotics technology The "HEMS" system manage the use of power that generated by the home photovoltaic and the power that is being transferred from the electricity company. Moreover, it is optimize and balance the power supply. We try to introduce a model that match the technology of "HEMS" using robotic controls technology as a problem based learning system. The LEGO ® MINDSTORMS NXT and LEGO ® energy meter are used to assemble and develop the home energy storage and power generation systems.
Home Energy Management
When the capacity of stored energy increased more than a constant level of power, then the system will be supplied by the solar power and stored power in battery. On the other hand, when the power goes below a constant level, then the system will be supplied by an external power supply and at the same time charging the battery.
By developing this system as a learning material, the process that "HEMS" can provide a stable power to a system can be studied.
Assembling the Learning Material and System Behavior
After assembling the smart house learning material we checked the behavior of whole system. The assembled system is shown in Figure 2 , in this experiment, we defined a standard Smart home appliances model for the learning material by using the LEGO ® MINDSTORMS device. In the result we observed that the variation in the input causes a variation in the power consumed by the smart home appliances. And in the smart monitor we observed and confirmed the consumed power variation automatically. As long as this operation goes on the capacity of home battery reached the lowest level, recharging process start to charge the home battery. We recharged the battery while the Smart home appliance was on line, and we get the right response. We keep the charging process until the capacity of battery stabilized and then stop it. The Smart home appliance was functioning without any break. We get a stable power supply. 
The Cooperation Project for the Developed "HEMS" Learning Material
As shown in Figure 3 , we take the advantage of the developed Smart House learning material and introduced a cooperation project between high school and university students to study "HEMS"s technology. We thought that the use of familiar parts such as LEGO ® MINDSTORMS NXT and robotics control technologies to replace the advanced "HEMS" system helps the student to understand the smart house concept more easily. Furthermore, it simplifies and added a new information about the energy consumption to students.
We succeeded to improve the material after we made an adjustment between the developed learning material and the students' needs in high school we developed a familiar and easy to understand material more than the one we developed at the beginning. 
Instrumentation and Control System Learning Material Development

Development of a Practical Learning Material Dealing with Instrumentation and Control System
In general, the plant control or instrumentation and control technology based on combining different processes and loops to maintain a stable and safe level of production. In present, the most popular control system in oil and chemical industries is Distributed Control System "DCS". It is based on closed/open loops control, Proportional Integral Derivative "PID" control and sequence control. While, the plant can be divided into several parts including control system, utilities part, process line and others (see Figure 4) . The material will support the user to understand different production processes and have the chance to deal with the whole plant model to control it or manipulate it is variables. 
Modelling an Instrumentation and Control using LEGO System
®
We had chosen to model an industry related to Saudi Arabia. Hence the main industry in Saudi Arabia is refining oil, we had chosen a lubricating oil refinery to build a plant model. The oil refinery includes three main stages, distillation stage, oil treatment stage, and production stage. We designed the model according to these three stages.
The model is divided into three major units that consist of several basic instrumentation loops, such as temperature, flow, or level. Also, each unit has it is Process and Instrumentation Diagram "P&ID" and the equivalent LEGO ® system diagram. The first unit in the model represents the distillation process of oil refinery. As shown in Figure 5(a) , the basic distillation unit has temperature, level, presser and flow control loops. While, Figure 5 
The Learning Material
The developed material has been divided into basic and advanced instrumentation/control system. The basic part deals with basic instrument and simple control loop. Specially, Flow, Temperature, pressure and level. Beside the basic control loops, a general background of instrumentation/control symbols and signal lines is presented. Moreover, reading and writing "P&ID" will be presented in this part. Also, to give the user more understanding of the control concept, there will be a practical part dealing with basic controller action (Propositional "P", Derivative "D" and Integral "I") and how the loop response will change according to the controller action.
The advanced part present a plant model divided into three main basic units. Each unit represents one stage of oil refining process. The units are Bricks separation (Color separation), treatment (size separation) and production (gathering) stage.
The first stage is Color separation stage. The control aim is to separate the mixed LEGO ® Bricks by colours. Basically, we are using four colours with different sizes to represent the crude oil. The mixed bricks will be separated to represent four different materials. Table 2 shows an example of the relation between colours and materials. Hence our model representing an oil refinery, we are focusing on the red bricks.
Also, we are monitoring the main tank level to control the flow of bricks to the main separation motor. Table 2 The relation between colours and material Color Red Blue Green Yellow Material Oil Diesel Gasoline Gas
The second stage in the oil refining process is oil treatment processes. After separating the bricks in different colours. We are separating the process material (for example Oil=Red) related to the bricks size to represent the treatment process by measuring block size then remove the smaller bricks.
The final stage in the model is representing the production stage. The production process of lubricating oil may have different stages to produce usable lubricating oil. Such as doping chemical and other different production processes. We simplify this stage to sort the separated bricks related to the production plan.
System Evaluation
The main objective of the second unit is measuring the bricks size. We are using a Color sensor and rotation sensor to measure the rotation velocity of the motor and the passing time of the bricks. According to calculation result the control action is being performed. In our model we have chosen to remove the smaller LEGO ® Bricks to represent the process of removing the impurities from oil.
To evaluate the ability of the LEGO ® Color sensor in measuring the bricks size we billet up a simple system that measure the bricks size (see Figure 6) .
The rotation sensor is measuring the rotation angle. While the Color sensor is measuring the bricks passing time.
Figure 6. Evaluation system
The graph in Figure 7 shows the experiment results. It is showing the variation in measuring the bricks size. We thought that the variation and instability in measuring the bricks sizes may be the target of the control. In other words the students will try to build more satiable system to measure the bricks size. 
Conclusion
Our work based on development a practical learning material using LEGO ® MINDSTORMS. As a result we developed two different systems that using the LEGO ® MINDSTORMS. The instrumentation and control system support the student to learn about the plant control engineering and gives them the chance to control and modify the modelled plant. That will give the student the skills and the experience related to the instrumentation and control.
While, the smart house system shows a good results of practical learning style classrooms when we used the developed material in high school. Most of students get more interested in engineering technologies. From this results we thought that introducing of practical classes will be one of the keys to solve present problem of disinterest in science. The improvement of such practical learning materials especially in technical classes will lead to minimize the risk of the disinterest in science. Thus will lead to increasing the number of students whom interesting in technology which will help to maintain a stable level of development process. Moreover it will help to introduce new helpful technologies.
As a future work we are planning to give more realty to the Instrumentation and Control Systems, we are planning to use a different liquids to represent the distillation process. 
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